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The Concanavalin A reactive glycoproteins of epider-
mal cells were analyzed by the application of the iodi-
nated lectin to molecules separated by SDS-PAGE. Nor-
mal epidermal cells were maintained a s undiffe rentiated 
or differentiated by controlling the Ca ++ concentration 
of the growth medium. Some 20 labeled bands could be 
resolved. Their relative intensities changed dramatically 
with the stage of differentia tion. Fresh. tissue gave a 
radioactive profile similar to that for cultured differen-
tiated cells, except for evidence of damage from the 
techniques used to separate the epidermis from the der-
mis (the damage being progressively more severe going 
from h eat to ammonium chloride to trypsin separation). 
The labeling patterns for three carcinogen-transformed 
cell lines w ere markedly different from those of the 
normal cells. The least tumorigenic cell line had a profile 
in many respects intermediate between those of the nor-
mal differentiated and undifferentiated cells, while the 
other 2 lines showed greater deviation. 
Differences in membrane composit ion are often associated 
with stages of cellular differentiation [1] and transformation 
[2,3]. We have previously reported on the use of several labeling 
techniques (lactoperoxidase-catalyzed iodination, metabolic La-
beling with :]H -fu cose, and iodination with '2GI-Iectins) to ch ar-
acterize various populations of epidermal cells [4,5]. Epidermal 
glycoproteins have been studied by reaction of ti-ozen skin 
sections with tluoxescein-conjugated lectins [6- 9]. This ap-
proach can distinguish th e binding of lectins with different 
sugar specificities to various s trata of the skin [10,11]. Concan-
avalin A (Con A) has been shown to bind to all the viable layers 
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Abbreviations: 
Con A: Concanavalin A 
DPBS: Dulbecco's phosphate-buffered saline 
FBS: fetal bovine serum 
MEM: Eagle's minimal essential medium 
PMSF: phenylmethylsulfonylfluoride 
SDS-PAGE: sodium dodecyl sulfate polyacrylamide gel electro-
phoresis 
of th e epidermis other than th e stratum corneum [8] , and to 
human oral mucosa [9]. The labeling with Con A has been 
found to be similru' to that observed with pemphigus antibody 
and could be inhibited by pretreatment of tissue with this 
antibody [7,12]. Tissues reacted with Con A were most intensely 
stained at the cell boundaries and in tercellulru' junctions, with 
only background staining in th e cytoplasm [7,12]. This was 
confIl'med ultrastructurally, with peroxidase-conj ugated Con A, 
where labeling was confined to th e outer edges of the plasma 
membrane and the desmosomes [7,12]. Cono'ru'y to th e situa-
tion in epidermis, cytoplasmic sta ining was observed in buccal 
and palatal epithelium [9] wher e it is believed to be due to 
binding of Con A to glycogen . Reaction with Con A labels th e 
D -glucosyl and the D-mannosyl sugar residues. Such studies do 
not reveal how many macromolecules are labeled nor which 
they are. This information can be obtain ed by sepal'ating gly-
coproteins on SDS-P AGE, then reactin g them with 125I-Iabeled 
lectins, 
Cul ture m edia h ave recently been developed which permit 
t he regulation of differentiation of epidermal cells. Hennings et 
al [13] have demonstrated t ha t epidermal cells maintained at 
low Ca++ levels (0.05- 0.1 m M) proliferate in culture as a mono-
layer for many months. These undifferent iated cells have wide 
intercellular spaces and lack desmosomes. U pon return to Ca++ 
levels present in normal media, the cells form desmosomes 
within 2 Ill' and begin to stratify and differen tiate within 1-2 
days. DNA synthesis decreases and is inhibited with differen-
tiation; however, RNA, protein and keratin synthesis continue. 
The ability to control differentiation of epidermal cells without 
fibroblast feeder layers makes the Ca++-regulated system pru'-
ticularly valuable for studies of cell surface changes in epidermal 
differentiation. 
Stable cru'cinogen-transformed epidermal cell lines have re-
cently been developed which can be continuously cultured. 
These cell lines form colonies in soft agru' and form tumors 
when injected into syngeneic hosts [14,15]. The availability of 
such cell lines permits a s tudy of sw'face changes in cellula.r 
glycoproteins that occur with neoplas tic tran sformation. 
This study examines the Con A reactive glycoproteins of 
diffel'entiated and undifferentia ted cells in cul ture, of tissue 
from fresh epidermis, and of neoplastic epidermal cells. 
MATERIALS AND ME THODS 
Epidermal Cells from Fresh Tissu.e 
The skin of newborn Sprague-Dawley rats were scraped to remove 
at tached fa tty t issue. The epidermis was then sepaj'ated from th e 
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·dermis by 3 diffe rent methods. Heat separation was at 56° for 30 sec 
[16,17]. Ammonium chloride separation was a t 4 ° for 5 mi.n [18r 
Trypsin separation was by the fl otation technique [19]. The epidermis 
was gently lifted from the dermis with forceps. Epidermis detached by 
the flIst two methods was stretched, stratum corneum side down, on a 
watch glass precooled to 4 0 , and the viable cells were gently scraped off 
in to D ulbecco's phosphate-buffered saline (DPBS), pH 7.5, containing 
2 mM phenylmethylsulfonylfluoride (PMSF) . The enzyme-separated 
epidermal cells were stirred for 1 hr in Eagle's Minimal Essentia l 
Medium (MEM) containing 10% fetal bovine serum (FBS). The dis-
persed cells were rutered through a 125 iJ.m nylon mesh to remove any 
adhering stratum corneum and then washed three times in DPBS 
containing 2 mM PMSF. 
Tissue Culture 
Trypsin-separated epidermal cells were inocula ted into Waymouth 
tissue culture medium as modified by Mm·chok [20], supplemented by 
antibiotics and 10% FBS, and plated on collagen-coated plates [21]. 
After 2 days, the culture flasks were washed to remove dead cells, then 
switched to MEM, especially prepared free of Ca++, to which was added 
10% FBS, Chelex-treated or dialyzed [13,22]. When the cells reached 
80-100% confluence, some of the plates were returned for 2 days to 
MEM containing normal levels of Ca++ . Cells were mainta ined at 37° 
in a humidified 4% CO2 atmosphere. 
Carcinogen-transformed cell lines of mouse epidermal cells (JB-8, D-
11a and 1'-6272), generously supplied by Dr. Nancy H. Colburn [14 ,15] 
of NIH, were maintained in MEM supplemented by antibiotics and 
10% FBS. 
Tissue cul ture media, trypsin, penicillin (100 IU / ml) , streptomycin 
(100 ,.,.g/ml) and salts were purchased from GIBCO (Grand Island, 
N.Y.) . Fetal bovine serum was from Flow Laboratory (Rockville, Md.). 
Polyacrylamide Gel Electrophoresis 
Cells suspended in DPBS containing PMSF were homogenized in a 
glass homogenizer at 4°, then sonicated for 10 sec. Aliquots were 
dissolved in 0.1 N NaOH and assayed for protein by the procedure of 
Lowry et al [23]. The cells were mixed with an equal volume of Buffer 
B (0.125 M Tris-HCI, pH 6.8; 20% glycerol; 4% SDS; 10% t3-mercapto-
ethanol; 2mM PMSF, 0.004% bromphenol blue; all purchased from 
Sigma). The mixture was heated at 100° for 3 min. Proteins were 
separated by the system of Laemmli [24]. Equal amounts of cell protein 
were loaded onto gel slots on 1.5 mm vertical slabs of 7.5% polyacryl-
amide below a 3% stacking ge l. Electrophoresis was for 3 lu- at 30 mA 
per slab (at constant current). Gels were stained for 2 hr in 0.1% 
Coomassie Blue in methanol:acetic acid:water (5:1:5), then destained in 
the same solvent (7.5:7.5:85). Prior to reaction with lectin, the gels were 
reneutralized to pH 7.5 in many changes of Buffer A (50 mM Tris. HCI, 
0.15 M NaCI, 0.1% NaN" 0.5 mM CaCb, 0.5 mM MnCh). Molecular 
weight calibration was achieved with the follow ing standards: myosin 
(200,000 daltons), t3-galactosidase (125,000), phosphorylase B (92,500), 
bovine serum albumin (68,000), ovalbumin (46,000) and carbonic an-
hydrase (30,000) . 
Lectin Iodination and Autoradiography 
Concanavalin A, purchased from Sigma, was iodinated by the pro-
cedure of Burridge [25]. It was dissolved in 200 iJ.l of buffer A, at a 
concentration of 25 mg/rnl, together with a- methyl-D-mannoside at 40 
mg/ml to protect the Con A binding site. To the reaction mixture were 
added 1 mCi ofNa 12"1 (New England Nuclear) and 10 iJ.l of chloramine-
Tat 5 mg/ml (Sigma). After iodination for 30 min at room temperature, 
the reaction was terminated by the add ition of 10 mg/ml of sodium 
metabisulfi te. The iodinated lectin was separated from the inhibitory 
sugar by passage through a smalI colum·n of Bio-Gel P-JO (Biorad 
Laboratories, R ichmond, CAl . The lectin was elu ted with buffer A, 
then diaJyzed for 24 hr against buffer A at 4 0. The specific activi ty of 
the iodinated Con A was approximately 107 cpm/ mg. SDS-PAGE gels 
were overlaid with 12' l_Con A (6 X 10" cpm/ mI) in buffer A conta ining 
2 mg/ ml of human hemoglobin (Sigma) as a carrier. After reaction for 
2 hr at room temperature in a moisture-filled box, the gels were washed 
for 3-4 days in many changes of buffer A, then dried in a Bio-Rad gel 
dryer on Whatman 3MM paper. The specificity of lectin binding was 
tested with controls in wh ich the inhibitQry sugar for Con A (a-methyl-
D-mannoside) at a 4% concentration was dis olved in Buffer A, and the 
modified buffer was used when washing and overlaying the gels with 
l2"I-Con A. Sheets of Kodak SB-5 film were exposed to the gels at - 70°. 
The autoradiograms were scanned with a Quick Scan densitometer 
(Helena Laboratories, Beaumont. TX) . 
RESULTS AND DISCUSSION 
Cultured Normal Cells 
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Epidermal cells were maintained in cul ture at different stages 
of differentiation by the Ca++ regulation techniq ue of H e nnings 
e t al [13]. The cells were prepar ed by trypsin separation and 
grown for 2 days in normal m edium. After rinsing with fresh 
m edium to remove unattached cells and d e bris , the cells were 
transferred to a low Ca++ m edium. In the new m edium the 
existing differentiated cells detached themselves from the cul-
ture dish . The undifferentiated cells, adhering to the dish , 
continued to prolifera te as a monolayer without differ entia ting. 
These cells were observed to be polygonally shaped with dis-
tinct intercellular spaces [5,13]. After 2 days they were r eex-
posed to normal m edium in which they proceed ed to differ e n-
tiate a nd s tratify. 
A photogra ph of a Coomassie stained slab gel is presented in 
Fig 1 a-c. Track a is for differentiated cells, trach b for 
undifferentiated cells, track c displays the s tandards . T here are 
a large number of stained proteins throughout the molecular 
weight range. The patterns for t he 2 cell types ar e quite similar, 
except for some variations in intensity. Autoradiograms from 
experiments in which SDS-PAGE gels were reacted wi th l ~r'I _ 
Con A are shown in Fig 1 d-g. Track d is for differentiated 
cells, track e for undifferentiated cells. Trachs f a nd g are the 
corres ponding controls in which lectin binding was inhibited 
with a -methy l-D-ma nnoside; they d emonstrate that t he s pecific 
sugar completely eliminates t he lectin reaction. 
To facilitate quantitative comparisons, densitometer scans of 
the a u to radiograms of Fig 1 are presented in Fig 2. Curve a is 
for undifferentiated cells a nd curve c for the cells shed into t he 
cultUIe fluid upon exposure to low Ca"'+ m edium. The most 
inte nse radioactivity for the undiffer e ntiated cells is found in 8 
ba nds between 185,000 a nd 80,000 daltons, with the highest 
peaks at 135,000 and 110,000 daltons . The other ba nds ar e at 
185,000, 150,000, 120,000,95,000,85,000 and 80,000 daltons, with 
the 185,000 and 85,000 peaks being most conspicuous while 
others a re overshadowed by adjoining larger peaks. Less in-
tensely labeled bands are also seen a t higher molecular weights 
(260,000 and 220,000) a nd at lower molecular weights, particu -
larly several in the range 45,000 to 35,000 a nd a lower peak at 
25,000. For the differe ntiated cells, the sam e bands are generally 
found , but with altered inte nsities (Fig 2b). The most intense 
radioactivity is in a doublet near 85,000 and 80,000 d a ltons. At 
a b c d e f 9 
FIG 1. Photographs of SDS-PAGE gels: a- e, Coomassie Blue stains; 
d-g, autoradiograms after reaction with 1 ~" l -Con A. Trachs a, d , and ( 
are for differentiated cells; trae/,s b, e, and g ru'e for undifferentiated 
cells; lwell c displays the standards. Tmehs ( and g are controls in 
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FI G 2. D ensiLomeLer scans of autoradiograms from cells run on 
S OS-PAGE, then reacted with '"" i -Con A. Tissue cul ture stages were: 
(1) ce lls separated by trypsin flotation ar e grown in norma l medium for 
2 days; (2) cells a re t ransferred to low CaH medium for 2 days (where 
t hey remain undifferent iated ); (3) cells are transferred to normal me-
dium for 2 days (and differentiate). Curve a is for undifferent iated cells 
(end of s tage 2); curve b is for different iated cells (end of stage 3); curve 
c is for early differentiated cells that detach in the transition from stage 
1 Lo stage 2. 
the higher moleculru' weights the intensit ies are reduced relative 
to the undifferentiated cells, and the 260,000 peak is no longer 
in evidence. At t he lower molecular weights the level of radio-
activity is up, The cells shed into the culture fluid (Fig 2c) have 
the 85,000 da lton peak dominant with all the oth er bands 
attenuated, especially at the lower molecular weights, This 
labeling profile is intermediate between that found for cells 
dispersed after fl otation in trypsin (Fig 3c) which were used for 
the initia l pla ting and the profile of t he differentiated cells (Fig 
2b). This population of already differentiated cells could not 
recover from trypsin damage. On the other hand , th e undiffer-
entiated cells (propagated in low Ca++ medium) repai.r the 
damage as they undergo cell divis ion, and resynthesize their 
cell surface glycoproteins in culture, 
In contras t to ' ~5I-Con A, we found only 3 major glycoproteins 
labeled with '25I_wheat germ agglutinin and with ' ~5I-Ricinus 
communis agglutinin [5]. These glycoproteins, with broad 
bands at a pparent molecular weights of 180,000, 130,000 and 
85,000 daltons, would appeal' to ma tch some la beled by Con A, 
t hough the relative intensit ies axe very much at vru'iance, In 
other cell types, when '2fiI_Con A was reacted with cellular 
glycoproteins on SDS gels, many more labeled bands were 
observed than with other lectins [25-27). The fact that we find 
glycoproteins with the same apparent molecular weight for 
different lectin labels suggests t hat the same proteins may be 
involved. While differen t lectins exhibi t pecificity for dilt'erent 
sugar receptors, glycoproteins are heterogeneous in their sugar 
composition. Some sugars in glycoproteins probably lie at an 
internal position of the oligosaccharide and may be inaccesible 
to lectin binding. In addition, high mannose N -glyco ylated 
glycoproteins have been reported in plasma membranes, which 
could account for increased Con A binding [28). 
The high resolution of SDS-PAGE combined with t he high 
sensitivity of ' ~r. I-Con A ma ke possible t he observation of nu-
merous Con A receptors on epidermal cells. This resolution is 
unattainable when whole cells or tissue sections are reacted 
with th e lectin. The sensitivity has not been matched by SDS-
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FIG 3. Densitometer scans of autoradiogra ms for cells separaLed 
from fresh epidermis by (a ) heat separation; (b) ammonium chloride 
sepal'ation; (c) trypsin separation. 
PAGE gels stained with PAS, in which only a few sialoglyco-
proteins become visible [29]. T he glycoproteins most in tensely 
stained by '2f>I_Con A do not correspond to areas of greatest 
protein staining with Coomassie Blue (Fig 1). They also do not 
match t he moleculru' weigh t of th e major structural components 
of epidermal cells, such as tonofilaments or nuclear components 
which exhibit polypeptides on SDS-gels in the range of 
45,000-68,000 daltons [30,31). 
The approximate molecular weights of t he membrane-des-
mosome-tonofilament complexes isolated by Drochmans et al 
[31] from calf muzzle epidermis contained, in addi tion to the 
lower moleculal" weigh t polypeptides found in tonofilaments, 
Coomassie-stained bands of 230,000, 210,000, 145,000, 130,000, 
110,000, 88,000, and 78,000 daltons (no relative intensities 
given). After making allowance for discrepancies in t he molec-
ular weights ascribed to protein standards used for calibration, 
t he correspondence to our Con A labeling profile is remarkable. 
The implication is that Con A is specific for membrane and 
desmosomal glycoproteins. 
The Coomassie stains of proteins isolated from plasma mem-
branes of pig epidermis exhibi ted a band at 137,000, 4 bands 
between 120,000 and 90,000, and bands at 79,000, 39,000 and 
24,000 daltons [32). This profile is consistent with Drochman 
et al [31] and oms except for th e absence of t he higher moleculru' 
weigh t components. Gray, Ki ng, and Yal"dley [32] suggest that 
the higher molecular weight components may be desmosomal. 
Cells from Fresh Tissue 
The separation of t he epidermis from the dermis utilizes 
techniques which ru'e injurious to t he t issue. Enzymatic meth-
ods [19], used for th e prepar ation of dispersed epidermal cell 
for t issue culture, ar e the only ones which leave cells viable, 
Tryp in, in pru,ticular, is known to disrupt cell surface glycopro-
teins in epidermal cells [4,33] as well as in other cell types 
[34,35]. T his enzyme destroys histones and other basic proteins 
of epidermal cells [18). Other epidermal separation techniques, 
although they are believed to be more gentle in preserving 
epidermal proteins, do resul t in t he death of t he sepru'ated cells. 
Heat treatment has the disadvantage that it denatures cellular 
proteins. Ammonium chloride has been used for the sepru'ation 
of epidermal strata while preserving the integrity of cell ul ru' 
ba ic proteins [18). Weak alkali, by ,a-elimination reactions, are 
known to cleave O-linked glycosidic bonds between serine or 
threonine residues and oligosaccbarides of cellulru' glycopro-
teins [28]. 
We applied these 3 leading techniques for sepru-ating epider-
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mal tissue. Cellular glycoRroteins were separated by SDS-
PAGE, then reacted with I "I-Con A. The results are displayed 
as autoradiogram scans in Fig 3. Curve a is for cells separated 
by heat-treatment, curve b for ammonium chloride and curve 
c for trypsin-separated cells. With heat-separated cells, the 
most intensely labeled glycoproteins are a doublet near 85,000 
and 80,000 daltons. At a lesser level of intensity at apparent 
higher molecular weights, there are 4 peaks at 110,000, 120,000, 
150,000 and 185,000 daltons. There is also a broad distribution 
of lesser peaks between 50,000 and 30,000 daltons. With am-
monium chloride separation, the 85,000 band persists while the 
80,000 band is strongly attenuated. At the higher molecular 
weights the 150,000 peak remains while the others are much 
reduced. The lower molecular weight constituents are also 
perceptibly weakened. A more severe pattern of attenuation 
occurs with trypsin, with only the 85,000 peak preserved. As 
measured by ' ~5I-Con A labeling, there is a progression of 
increasingly severe cell damage from heat separation to am-
monium chloride to trypsin. Gray, King, and Yardley [36] noted 
an absence of PAS-positive bands, after SDS-PAGE, in plasma 
membranes isolated from trypsin-treated epidermis. They also 
observed that several polypeptides were missing (120,000 to 
90,000, 39,000, 24,000) which were found in membranes isolated 
from fresh tissue which had not been exposed to trypsin. 
While the data in Fig 3 indicate that heat-separation is the 
least damaging of the 3 techniques to cellular glycoproteins, it 
still leaves the question open as to how much damage is cau.sed 
by heat. A clue to this can be obtained by comparison of results 
for heat-separated cells (Fig 3a) with those for cells grown in 
culture (Fig 2). It is immediately evident that heat-treated fresh 
cells have a labeling pattern quite similar to that of cultured 
differentiated cells (Fig 2b) except for some attenuation of 
radioactive bands, particularly at the lower molecular weights. 
The most likely conclusion is that the difference points to 
damage by heat separation. With cultured cells there is also a 
possibility of contl;lmination by serum components. But that 
effect would be expected to show up in the same way for all the 
cultured cells, including the neoplastic cells in Fig 4, and this is 
clearly not the case. 
The use of SDS-PAGE in conjunction with '25I_Con A has 
provided a highly sensitive technique for demonstrating glyco-
protein damage (not otherwise evident) resulting from different 
methods commonly used for the preparation of epidermal cells 
from fresh tissue. Since a substantial number of Con A receptors 
remain intact, histochemical staining would still occur with 
damaged tissue. A comparative study of such staining might 
prove interesting, as a discrepancy in binding sites could be 
correlated with the distribution of glycoproteins. 
Carcinogen -transformed Cells 
Densitometer scans of autoradiograms in which epidermal 
carcinogen-transformed cells were reacted with '25I_Con A are 
shown in Fig 4. Curve a is for cell line T -6272, Curve b for line 
D-lla and curve c for line JB-8. The labeling pattern for 2 of the 
cell lines, D-lla and JB-8 (Fig 4b and c), are quite similar. Major 
bands occur near 190,000, 150,000, 100,000, 50,000 and 40,000 
daltons. In addition, there are 2 smaller bands above 200,000 as 
well as 6 smaller bands between 90,000 and 50,000 daltons. The 
labeling pattern for line T-6272 (Fig 4a) differs dramatically 
from those of the 2 other cell lines in that the most intense 
radioactivity is in a doublet at 85,000 and 80,000 daltons (with 
the ·85,000 peak dominant) and there is also a strong band at 
110,000 daltons. The profile of line T-6272 bears some resem-
blance to those of normal epidermal cells (Fig 2), with overall 
characteristics intermediate between the undifferentiated and 
differentiated cells, particularly with respect to the doublet at 
85,000 and 80,000 daltons and the l;>ands near 190,000, 150,000 
and 110,000 daltons. The normal cells show considerably more 
distributed radioactivity below 70,000 daltons. CelJ line T-6272 
has been found to be less neoplastically progressed and less 
tumorigenic than the other 2 cell lines (Colburn, source of cell 
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F IG 4. Densitometer scans of autoradiograms for carcinogen-trans-
formed epidermal cells (a) line 1'-6272, (b) line D-lIa; (c) line JB-8. 
labeling with '2GI_Con A, already discussed for normal cells, may 
also be useful in detecting cell surface changes occurring during 
chemical carcinogenesis and transformation. 
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Changes in the Proteins of Wool Following Treatment of Sheep with 
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Administration of epidermal growth factor (EGF) ex-
tracted from mouse submaxillary gland to Merino sheep 
resulted in a temporary inhibition of the activity of the 
wool follicles. Subsequently, either complete discontin-
uities appeal'ed in the fibers resulting in shedding of the 
entire fleece, or incomplete, in which case the fleece was 
retained but bore a zone of weakness [1]. The protein 
composition of the first sample of wool harvested from 
1 sheep following infusion for 66 hr with 27.5 mg EGF 
(0-2 weeks posttreatment) was similar to pretreatment 
wool. This represented wool fibers which were already 
present in the follicles at the beginning of infusion. 
Thereafter, the composition of the wool changed pro-
gressively, reaching a maximum divergence from the 
control in the 3-4 week regrowth period followed by a 
return to normal by about 10 weeks. Over this period the 
content of high-sulfur proteins first rose from an initial 
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Abbreviations: 
EG F: epidermal growth facto!' 
SDS: sodium dodecylsulfate 
19% to a maximum of 30%, then returned to 19%, while 
the high-tyrosine protein content initially decreased 
from 12% to 5% and then slowly increased to 12%. In 
addition to changes in overall protein composition, two-
dimensional electrophoresis r evealed alterations in the 
proportions of some individual protein components. 
These changes were similar to those observed with many 
other wool b'Towth inhibitors. Smaller doses of EGF (5.8 
and 2.9 mg but not 1 mg) had similar effects on wool 
composition but these were of lower magnitude and 
there was a d elay in reaching a maximum response. 
Even after 16-18 weeks the wool from these treated 
sheep differed slightly in composition from the pretreat-
ment samples. 
Treatment of sheep with mimosine, N(5-(4-aminophe-
noxy)pentyl)phthalimide, cyclophosphamide, or ethionine re-
sults in a temporary cessation of wool growth and shedding of 
the fleece [2,3]. Following this, changes h ave been observed in 
th e composition of t h e regrowth wool [3-5) which have been 
found to result from an altered pattern of synthesis of the 2 
groups of matrix proteins in the keratin fibers (the high-sulfur 
a nd high-tyrosine groups of proteins). Commonly, the high -
sulfur proteins substan t ia lly increased in amount but then, over 
several weeks, fell to below normal levels. In some cases the 
